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Abstract

NASA'’s Hyper-X Research Vehicle will provide a unique

C

opportunity to obtain data on an operational airframec
integrated scramjet propulsion system at true flight
conditions. The airframe integrated nature of the scramjet
engine with the Hyper-X vehicle results in a strong™is,
coupling effect between the propulsion system operation
and the airframe’s basic aerodynamic characteristicsg
Comments on general airframe integrated scramjet'B
propulsion system effects on vehicle aerodynamic

performance, stability, and control are provided, followedC

by examples specific to the Hyper-X research vehicle.

associated with the development of the Hyper—xCn
aerodynamic database, including wind tunnel test
activities and parallel CFD analysis efforts. A brief C,
summary of the Hyper-X aerodynamic characteristics is
provided, including the direct and indirect effects of the
airframe integrated scramjet propulsion system operatioane;a
on the basic airframe stability and control characteristics.

An overview is provided of the current activities
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Introduction 12 ft |

The primary goals of NASA’s Hyper-X program are to
demonstrate and validate the technologies, the experi-
mental techniques, and the computational methods and
tools required to design and develop hypersonic aircraft
with airframe-integrated dual-mode scramjet propulsion
systems. Three Hyper-X vehicles, the first two of which
will fly at Mach 7, and the third at Mach 10, will pro-
vide the first ever opportunity to obtain data on airframe
integrated scramjet propulsion systems at true flight con- ==

ditions1-3 For vehicles such as Hyper-X, where the

distinct lines between the airframe and the propulsion

system are blurred, there exists a very high degree of  Figure 1. Hyper-X Research Vehicle (HXRV)
coupling between the airframe aerodynamics and the configuration.

propulsion system’s basic operation and performance

characteristics. Even at this point in the Hyper-X pro- with all moving horizontal tails and twin vertical tails
gram prior to first flight, a tremendous amount of with rudder surfaces (Fig. 1). The scramjet flowpath,
knowledge has been gained through ground test and CFWhich begins at the nose of the vehicles, utilizes the en-
analysis efforts regarding the scramjet propulsion sys-tire underside of the forebody as a compression surface.
tem and airframe aerodynamic interactions. The primaryThe engine combustor is located on the vehicle under-
objective of the three Hyper-X flight tests is to obtain surface, slightly aft of midbody, and the aftbody under-
data on the operating characteristics and performance ofurface comprises the external expansion surface for the
a dual mode scramjet propulsion engine system. In adscramjet exhaust flow.

dition, an extensive amount of data will be obtained on

the vehicle’s basic aerodynamic characteristics, bothThe nominal Hyper-X flight trajectories each begin with
during the period of scramjet engine operation and aftera boost to the scramjet engine test conditions on a mod-
the actual engine test has been completed. The Hyper-Xied version of an Orbital Sciences Corporation Pe-
flight research vehicles will provide an extensive set of gasu€ Hybrid rocket, referred to as the Hyper-X Launch
research quality flight data at hypersonic conditions for Vehicle or HXLV. The HXLV is carried aloft under the

a slender body airframe with an integrated scramjet pro-wing of NASA’s B-52 aircraft where, in the case of the
pulsion system. Each of the three Hyper-X flight vehicles first two Mach 7 experiments, it is dropped at an alti-
will be heavily instrumented with over 100 individual tude of approximately 20,000 ft and a Mach number of
surface pressure transducers and thermocouples, and@5. Shortly after drop, the booster solid rocket motor is
high-resolution three-axis accelerometer package. Anignited and the HXLV flies a nominal ascent profile to
extensive amount of surface pressure and temperaturthe HXRYV test point as indicated in Fig. 2. At a point
data will be collected so that direct comparisons can bgust prior to the scramjet engine test, the Hyper-X flight
made with the preflight wind tunnel and CFD database.vehicle is separated from the launch vehicle.

These pressure and temperature measurements will also

be heavily utilized in the post-flight trajectory recon- Immediately following the stage separation event, the
struction efforts, which will aid in the determination of HXRV control system stabilizes the vehicle and the
the actual atmospheric flight conditions over the entire scramjet test portion of the experiment will begin. The

5.19 ft

flight test. scramjet engine inlet door will be opened, and the scram-
jet fueling sequence will commence. A combination of
Hyper-X Vehicle Design and Mission Profile Silane (SiH) and gaseous hydrogenJjs injected into
Description the combustor region, resulting in powered scramjet en-

gine operation. Silane is used only during the initial ig-
The Hyper-X Research Vehicle (HXRV) design draws nition process, after which pure hydrogen is injected and
heavily on past vehicle configuration studies including combusted. After the fuel is depleted, the flight vehicle
the extensive U.S. National Aero-Space Plane (NASP)will record several seconds of engine-off aerodynamic
design database and several of the more recent U.S. hyare data, and conduct a brief series of aerodynamic pa-
personic vehicle mission studi®8.The three HXRVs  rameter identification maneuvers. These maneuvers will
are each 12 feet long, weight approximately 3000 Ib,allow the basic aerodynamic stability and control char-
and are scramjet powered, lifting body configurations, acteristics of the airframe to be estimated from the flight
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Figure 2. Nominal Mach 7 Hyper-X flight profile.

data, which will then be compared with the preflight es- In the past, external airframe design, including body
timates developed using the ground based wind tunnetontouring and lifting surface and control sizing (wings,
testing and analytical and computational methods. Im-tails, elevators, ailerons, etc.), could be accomplished
mediately following these maneuvers, the inlet cowl door somewhat independent of the propulsion system design
will be shut and the vehicle will fly a controlled deceler- and development process. Final design modifications
ation trajectory as it descends and decelerates througbould be accomplished after the airframe and propul-
the supersonic and transonic flight regimes prior to flight sion systems had been matured to a relatively high
termination at subsonic conditions. degree, essentially independent of one another. Howev-
er, for supersonic/hypersonic flight vehicles that will
utilize propulsion systems which are highly integrated
with the airframe (e.g. scramjets), the design and devel-
opment process must take into account the interactions
between the two now tightly coupled disciplines of pro-
A point that is absolutely crucial in the design and oper-pulsion and aerodynamics.
ation of the Hyper-X vehicles, and any future vehicle
configurations that will utilize highly integrated scram/ In order to develop the aerodynamics and propulsion
ramjet or combined cycle propulsion systems, is a com-databases for vehicle design, proper force accounting
plete understanding of the interactions between the promethods and strategies must be developed and agreed
pulsion system and the vehicle airframe aerodynamicsupon by the external airfframe aerodynamics and the pro-
Propulsion system airframe integration issues must begulsion groups to ensure that forces and moments from
taken into consideration early in the design process ifall surfaces are properly accounted for. An example of
overall vehicle performance goals are to be met. Forthe Hyper-X basic force accounting system is shown in
vehicles such as Hyper-X, there exists a very high de+ig. 3.
gree of coupling between the airframe aerodynamics and
the propulsion system’s basic operation and performancén the case of the Hyper-X configuration, the vehicle
characteristics. Historically, the hypersonic airbreathing aftbody serves as the nozzle expansion surface. This aft-
propulsion community has focused on engine thrust op-body expansion surface, over which the high pressure
timization with little effort devoted to the quantification scramjet exhaust gases are expanding, has a large corre-
of contributions to lift and/or pitching or yawing mo- sponding moment arm relative to the vehicle center of
ments. From an overall vehicle design perspective, thegravity. This implies that variable engine thrust levels
importance of being able to predict and account for thesean have significant impact on the vehicle pitching mo-
“other” forces and moments can not be overstated. ment and the corresponding control surface deflections
required to aerodynamically trim the vehicle. If not prop-

Comments on Airframe Integrated Scramjet
Propulsion System and Airframe
Aerodynamic Interactions




Forebody: tional testing was conducted using larger (12.5%), high-
er fidelity models with higher resolution control surface
increments. Additional entries using the high fidelity
models have been made, and further tests are planned,
Forebody/inlet: in the Langley 20-inch Mach 6 and 31-inch Mach 10

aero

Top & sides: aero

Engine sidewalls: aero

Tails:
aero

tunnels. Information regarding specific details of sever-
External Internal flowpath: . : :
nozzle: propulsion al of the tests is provided in Ref. 8.
prop [ Aero External cowl: aero
M Propulsion Due to the relatively small scale of the wind tunnel mod-

els, inlet-open testing (unpowered or powered using a
Figure 3. Hyper-X aerodynamic and propulsion force simulant gas) was not possible. A comprehensive CFD
accounting system. study was undertaken to provide estimates of the inlet-
open unpowered and powered flight aerodynamic char-
erly accounted for early in the design, the aerodynamicacteristics for the Mach 7 vehicfesincluding the ef-
drag associated with large control surface trim deflec-fects of Mach number, angle-of-attack and sideslip on
tions may become a substantial portion of the vehiclethe HXRV. CFD and analytical analysis methods have
total drag and can adversely affect the ability of the ve-also been utilized to bridge the gap from wind tunnel to
hicle to meet its mission requirements. In addition to theflight conditions. This includes accounting for issues as-
direct effects of engine operation on vehicle pitch andsociated with Reynolds number scaling, scramjet pro-
corresponding trim drag, control surface deflections re-pulsion flowfield induced effects, force and moment in-
quired to trim the vehicle in the longitudinal plane may crements associated with opening the inlet door, tunnel
have a substantial effect on the vehicle’s lateral-direc-hardware interference, and unsteady flow effects. Cur-
tional stability and control characteristics, thereby rent CFD efforts are also focused on the Mach 10 vehi-
implying an indirect effect of the propulsion system op- cle design and propulsion flowpath refinements utiliz-
erating conditions on the lateral-directional aerodynamicing a total vehicle closure approach.
behavior. Since the Hyper-X vehicles are designed for
scramjet operation at two distinct Mach numbers (7 andFlight data will also be utilized to update and improve
10), this is only a concern at these specific discrete pointsthe Hyper-X aerodynamic database. Aerodynamic pa-
However, a vehicle with a similar airframe integrated rameter identification maneuvers, which will be per-
propulsion system required to operate over a wide rangéormed immediately following the scramjet engine test
of Mach numbers from subsonic through hypersonic and at various points during the Hyper-X Research Ve-
cruise would require design considerations and allow-hicle’s descent trajectory, will allow a maximum amount
ances that would ensure optimal performance andof aerodynamic stability and control data to be gleaned
acceptable airframe/propulsion aerodynamics over thefrom the flight tests. The results of the flight derived
entire flight envelop. Finally, care must be taken to en-data will then be fed back into the preflight aerodynam-
sure that the engine exhaust plume must not adverselic models to complete the Hyper-X aerodynamic data-
affect the vehicle aerodynamic control surfaces in abase, as indicated in Fig. 4.
manner that vehicle control is compromised.
The basic inlet open, unpowered and powered force and
Hyper-X Research Vehicle Aerodynamic Database = moment incremental predictions, derived initially from
Development Efforts CFD analyses, are being verified experimentally by test-

Because of the highly integrated nature of the scramjet GFD & Analyi Predicons
. . . . . « Re number scaling
engine with the HXRYV airframe, an extensive combina- | - inet open ncrements

. . . . * Pi i ffect:
tion of wind tunnel testing and CFD analysis has been | . stngibiade nterierence

* Unsteady flow effects

required to determine the HXRV’s aerodynamic char- | . wach variaions

acteristics. Early in the program, initial wind tunnel Flight e

. . . | Wind Tunnel/Experimental 1 Aeroﬂpﬁgmics
screening tests were conducted to determine the basic Database 2 Todyham!
airframe aerodynamics, including stability, control, and
performance characteristics. These quick assessment Flight Derived

Aerodynamic Data

tests were conducted in the NASA Langley 20-inch Mach
6 and 31-inch Mach 10 facilitiésthe Boeing — St. Lou-

is Polysonic tunnel,and the Boeing North American Figure 4. Hyper-X aerodynamic database
subsonic tunnél. As the vehicle design matured, addi- development process.
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Figure 5. Diagram of the Hyper-X flight vehicle installation in the NASA Langley 8 ft HTT.

ing a full scale HXRV model in the NASA Langley 8-ft Results and Discussion
High Temperature Tunnel (8-ft HTHY. The 8-ft HTT
facility provides the capability to test the full scale flight It is not within the scope of this brief overview paper to
vehicle at flight conditions (Mach, pressure, and en- present the results from the entire Hyper-X vehicle aero-
thalpy). The primary intent of this test is to verify the dynamic database. Instead, some of the salient points
propulsion system fuel sequencing and operation, vali-and highlights of the HXRV aerodynamic characteris-
date the flight vehicle structural integrity, and to check tics at and around the scramjet engine test point are pre-
the operational capabilities of various flight subsystemssented and discussed.
in a simulated flight environment. In addition, this test
will provide the aerodynamic force and moment incre- The basic longitudinal aerodynamic characteristics for
mental data that will result from the cowl inlet opening the HXRV airframe (inlet door closed configuration) at
and closing, and the fuel on (powered) portion of the Mach 6 conditions are shown in Fig. 6. The experimen-
flight. Additional CFD analysis efforts are focusing on tal results, obtained on the high fidelity 12.5% scale (18
the quantification of the effects of the 8-ft HTT vitiated inch) model in the most recent test entry in the NASA
air test gas vs. actual flight test conditions. The 8-ft HTT LaRC 20-inch Mach 6 wind tunnel, indicate well be-
test will not provide overall vehicle force and moment haved, relatively linear lift characteristics over the an-
data due to the fact that the full scale flight vehicle spanticipated flight angle-of-attack and elevator deflection
extends beyond the tunnel core flow, as well as the aeroangle range. Drag coefficient data are also shown as a
dynamic interference effects associated with the largefunction of angle-of-attack and elevator deflection an-
mounting strut that is required to support the model ingle. The pitching moment coefficient data, shown here
the tunnel, as indicated in Fig. 5. However, the propul-as a function of angle-of-attack for elevator deflection
sion flowpath is well within the high quality core flow angles of 0, 7.5 and 15 degrees, indicate an airframe with
of the tunnel, so that the test should provide high qualitypositive longitudinal stability (negative,C slope) up
data on the increments associated with the inlet dootto angles-of-attack of approximately eigoht degrees. At
opening and closing and the propulsion power up tran-angles-of-attack beyond eight degrees the configuration
sients. This data will aid in the benchmarking assessbecomes neutrally stable. An elevator deflection angle
ments of the computational predictions. of approximately seven degrees is required to trim the
vehicle at the Mach 6 nominal two degrees angle-of-
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Figure 6. HXRV Mach 6 basic longitudinal Figure 8. Effects of the sting and blade mount
aerodynamic characteristics (wind tunnel interference on the HXRV Mach 6 basic
and CFD results). longitudinal characteristics.

attack for the inlet closed configuration data shown here.An example of the results of this series of tests are shown
Results from a series of inviscid CFD solutions obtainedin Fig. 8, in which the lift, drag, and pitching moment
at Mach 6 conditions at each of zero, two, and four de-data are shown for the HXRV configuration with the
grees angle-of attack, all with zero degree elevon de-sting only, blade only, sting + false blade, and a blade +
flection, are also included on the plots of Fig. 6. The false sting arrangement. Close inspection of this figure
CFD predicted results for the lift and pitching moment reveals the fact that the effect of the blade mount is rath-
values agree relatively well with the wind tunnel data, er dramatic in pitching moment, and to a lesser degree
while the discrepancies in the CFD drag predictions arein the lift and drag coefficient data. From this series of
due primarily to the fact that they were obtained from atests, a set of increments were derived to account for the
inviscid analysis; the higher drag coefficient data ob- sting mount interference by taking the differences of the
tained in the wind tunnel is directly attributable to the blade mount + false sting and the blade mount alone data.
viscous (skin friction) effects.
The basic longitudinal effects of opening the inlet door
During this same wind tunnel test entry, the HXRV and of scramjet powered operation at the Mach 7 test
model was mounted with a blade strut balance and testeonditions are indicated in Fig. 9. Basic pitching mo-
ed in the presence of a removable, non-metric, false stingmnent data are shown for the zero degree elevon deflec-
such that sting interference effects could be directly com-tion, inlet door closed configuration. This data was de-
puted. A similar non-metric false blade strut was uti- rived from the Mach 6 wind tunnel test data and a set of
lized with the standard sting mount model to compute CFD derived increments, which account for the Mach 6
the corresponding strut interference effects (Fig. 7).  to Mach 7 condition scaling. CFD analysis was also uti-
lized to develop the force and moment increments asso-
> ciated with opening the inlet door and with the scramjet
powered engine operatiomspection of the basic pitch-
ing moment data indicates that a slight nose down mo-
ment increment is expected as a result of opening the
inlet door. The inlet door, in the closed position, can be
viewed as a third forebody compression ramp. The high
pressure acting over this surface, which is located well
below and slightly aft of the vehicle c.g., acts to pitch
the vehicle down. By opening the door, the compression
Figure 7. Sting and blade mount adapter hardware for angle is effectively reduced, as is the ramp orientation
the HXRV wind tunnel tests. relative to the c.g., which results in a nose up pitching
moment associated with this surface motion. However,
by opening the inlet door, flow thru conditions are es-




—o— Inlet closed a vehicle performance point of view because of the fact
=~ Inlet apen, power off that large trim drag penalties are associated with the
20 elevon surface deflections. The increments to vehicle

- <~ Inlet open, power on
.008

006 15 drag coefficient associated with trimming the vehicle
10f over the angle-of-attack (alpha) range from -2 to +10
o soyttrim) 5B degrees are also indicated in Fig 10 for each of the inlet
002 of closed, inlet open/power-off, and inlet open/power-on
0 5E conditions. Trimmed flight at the nominal Mach 7, 2
002 R ST 10k degree angle-of-attack test condition with the inlet closed
15 005 requires approximately 7 degrees of elevon deflection.
004 This results in a trim drag coefficient penalty of roughly
10 003} 0.020, which is approximately 11% of the basic un-
c. .05 2 8Cp(trim) o02f trimmed inlet closed configuration vehicle drag. During
g 001t nominal scramjet engine operation the trim drag penalty
0 - of is greatly reduced, which should maximize the vehicle
05 T TR, ootbecdiini performance margin. This issue of aerodynamic trim drag
20 2 g ° 2002 4 Y isakey design consideration which must be taken into

account for future hypersonic vehicles that will utilize
Figure 9. Comparison of the HXRV inlet closed and airframe integrated propulsion systems.
inlet open, unpowered and powered basic
longitudinal characteristics. Substantial efforts have been made to assess the effects

of inlet open unpowered and powered operation on the
tablished and the aftbody nozzle expansion surface idasic lateral-directional characteristics of the HXRV air-
pressurized, which tends to nose the vehicle down. Thesdame as well. The wind tunnel tests provided data for
two opposing effects tend to cancel each other, and thenly the inlet closed configuration (due to model and
net result is a slight nose down pitch increment. The in-wind tunnel scale limitations, inlet-open flow thru and
crement requires approximately 6 degrees of elevon depowered simulation testing was not possible). The basic
flection to trim at the nominal two degree angle-of-at- airframe lateral-directional characteristics at Mach 7 are
tack test condition (vs. the 7 degree deflection requiredshown in Fig. 10. The inlet closed results, derived from
for inlet closed operation at Mach 7). At the same time,wind tunnel tests in the LaRC 20-inch Mach 6 and 31-in
the act of opening the inlet door results in a substantiaMach 10 facilities, indicate a directionally stable vehi-
loss of lift on the vehicle. This is due primarily to the cle (positive values of ) over the anticipated flight
loss of the contribution to lift of the pressure forces act- angle-of-attack range. The configuration also has posi-
ing normal to the inlet door in its closed position.

.001
In the nominal scramjet powered operation mode (inlet oE o Inlet closed, exp.
open, power-on data of Fig. 9), there is a substantial nose -oo1 e Inlet closed, CFD
down pitching moment increment, which has been esti-cy, -oo2 A flj‘:tso';’e?";:wer ot P
mated using an additional set of CFD analyses. In this  -oospotogo, oo (GASP, Elen)
case, two opposing sets of forces act to produce a net -oos o gben, fovwer on, CFD
nose down moment increment. The momentum flux ex-  -.o0s T
iting the scramjet engine combustor (located below the 0025 0005
vehicle c.g.) produces a slight nose up moment; this, .0o20 OE
however, is small in comparison to the nose down mo- /.. .
ment increment that results from the aftbody nozzle sur-cng o010 ro-8-0000000  Cj; -0005
face area of the vehicle being pressurized by the expand- 0010
ing scramjet exhaust flow. In addition to the net nose %%
down moment increment, nominal scramjet operation R T R T
provides a substantial increment in overall lift, as a re- a, deg a, deg

sult of the high pressure scramjet exhaust flow acting
over the nozzle aftbody. Because of the large nose downFigure 10. Comparison of the HXRYV inlet closed and

moment increment, the required elevon deflection angle inlet open, unpowered and powered basic
to trim the configuration at two degrees angle-of-attack lateral-directional characteristics
is effectively reduced to zero. This is advantageous from (wind tunnel and CFD data)



tive roll stability or effective dihedral (negative values 001

of C,) and a nearly constant induced side force at side- of
slip &3) conditions. Once again, in order to address the  .oo1f —o— Bgpy =0
issue of inlet open unpowered and powered operation;:YB -002F —o— gy = 757

—o— Jgy = 15°

CFD analyses were conducted on the configuration at = . oosgs=ga.
sideslip condition$. At issue was the question of the ~00af e
effect of vehicle sideslip and the expanding propulsion  -oost L

plume acting over the vehicle aftbody, and whether or  .002s .0005E

not the plume would tend to increase or decrease the g0 oo 0

configuration’s basic lateral-directional stability char- 0015 -.0005

acteristics. Three inviscid CFD solutions were generat-Cng Cig -0010

ed and analyzed to develop an understanding of this prob- ~***° 0015 N
lem; full viscous (Navier-Stokes) analysis was not pos- 0005 -.0020

sible due to the large time and memory constraints asso- N T e e 0025 bbbt b
ciated with the problem. The first solution was generat- a, deg a, deg

ed on the inlet-closed configuration at the nominal two
degrees angle-of-attack in order to offer a direct com- Figure 11. Effects of elevon position on the HXRV
parison with wind tunnel data. The CFD results were in basic lateral-directional characteristics.
good agreement with the wind tunnel data, which vali-
dated the assumption of using an inviscid analysis toThe effect of elevon position on the aileron control power
capture basic lateral-directional characteristics. The secat Mach 7 flight conditions is shown in Fig. 12. The side
ond and third solutions were generated on the inlet openforce, and yaw and roll moment coefficients due to lin-
unpowered and inlet open, powered configurations re-earized aileron deflections (per degree) are plotted
spectively. As shown in Fig. 10, the CFD results indi- against vehicle angle-of-attack. For the Hyper-X vehi-
cate the basic lateral-directional characteristics are esele, aileron deflections are defined by asymmetric tail
sentially unchanged as a result of opening the inlet doodeflection about a nominal elevon (tail) position. For
and operating in the unpowered or powered modes. Thexample, a +5 degree aileron deflection about a 0 de-
inlet closed CFD results tended to agree well with thegree elevon deflection would require a —2.5 degree left
wind tunnel data, slightly overpredicting the magnitudes tail deflection and a +2.5 degree right tail deflection.
of the G, and G, terms, and underestimating,@rm The figures indicate a strong dependence of aileron ef-
to a smgll degrge. This fact tends to add confidence tdectiveness on the nominal elevon deflection angle. In
the conclusion that the lateral-directional characteristicsparticular, the aileron roll effectiveness is almost 70%
are not directly affected by the expanding flow over the greater about a 7.5 degree elevon deflection as opposed
aftbody in the inlet open unpowered and powered con-to a 0 degree elevon deflection.
figurations.

.0002
Examination of Fig. 11 indicates, however, that there is 0
an indirect effect of the inlet open unpowered/powered -0002 | —o— Bgly = 0°
operation on the airframe’s lateral-directional character-Cvg, -0004} = e =75
istics. Recall that for the nominal Mach 7, 2 degree an- ~ -0008 %
gle-of-attack flight condition, approximately 7 degrees -0008 |
of elevon deflection is required to trim the vehicle in the -0010 e
inlet closed configuration, while the inlet open, pow- 0006 ¢ 0002

ered configuration trims with a near zero elevon posi- gggi 0
tion. The data presented in Fig. 11 indicate the fact that .,k ~0002¢
there is a strong dependence of boghadd G.on the Cnga Clgg 0004

.0002

nominal elevon position. At the nominal 2 gegree an- 0001 F 0006 ¢

gle-of-attack condition, there is a near 60% increase in 0 ~0008 ¢

the magnitude of the,Cterm for elevon deflections of B I C R T R ST R
a, deg a, deg

7.5 degrees vs. 0 degrees, and a 17% increase ip the C

characteristic. Sideslip induced side force[_j(pemai S

moderately unaffected by elevon position. Figure 12. Effect elevon position on the HXRV aileron
control effectiveness.



The fact that % and G, and the aileron control power the way of directional control, and the vehicle will be
all have a strong dependency on elevon position, andorced to rely on alternate methods for directional con-
elevon position is a direct function of inlet door position trol authority and stability augmentation.
and engine power, indicates an indirect (though substan-
tial) effect of engine operation on the basic airframe lat- Flight Data Analysis and Reconstruction Efforts
eral-directional behavior and control power characteris-
tics. This fact must be accounted for in the control law During the flight test sequence, a series of prepro-
design and analysis efforts for this, and any other simi-grammed aerodynamic maneuvers will be conducted in
lar hypersonic vehicles with highly integrated propul- order to assess the basic aerodynamic stability and con-
sion systems. Control law gain scheduling may be re-trol characteristics of the vehicles at true operating flight
quired as a function of engine thrust levels which will conditions. Stability and control derivatives will be esti-
directly effect the trimmed elevon position, in order to mated by examining vehicle dynamic response to a se-
ensure that the vehicle remains in steady controlled flightries of preprogrammed elevator, aileron, and rudder dou-
during engine operations. blets which will occur at various points in the flight tra-
jectory. For the first Mach 7 flight, these maneuvers will
Finally, rudder effectiveness data at Mach 7 flight con- be limited to the unpowered portion of flight; however,
ditions, including the effects of elevon position, are the second Mach 7 flight test profile may incorporate
shown in Fig 13. At low angles-of-attack, the rudders several maneuvers into the scramjet powered portion of
have a moderate amount of effectiveness, which appearthe experiment, thus providing data on the propulsion
to be only minimally affected by the elevon position. system and airframe aerodynamic coupling effects un-
However, as angle-of-attack increases, the rudders tender dynamic conditions. Because the engine test dura-
to lose effectiveness in a rather dramatic fashion. In facttion of the first flight is limited to less than 10 seconds,
at angles-of-attack approaching 10 degrees, the ruddersxtensive stability information will not be obtained for
are almost completely ineffective. This is due primarily the powered configuration. However, immediately pri-
to the crossflow separation occurring over the vehicleor to and following the engine test, several seconds of
forebody which tends to bury the vertical tails and rud- tare data will be taken with the inlet door in the open
ders in a low energy wake flow (the so-called “hyper- position. Because of the high heat loads in the combus-
sonic shielding effect”). The design test point is at antor region flowpath, the inlet door must be returned to
angle-of-attack of two degrees, a condition at which thethe closed position shortly after the engine test is com-
rudders do provide some degree of directional controlplete, and remain closed for the duration of the descent.
authority. However, at a point in the flight trajectory Therefore, the majority of the flight extracted stability
beyond the engine test and post test tares, the vehicland control information will be obtained on the inlet
must pull up to an angle-of-attack of approximately 10 closed configuration. Sequential Single Surface Inputs
degrees in order to generate enough lift to maintain alti-(S®l) for each of the elevator (pitch), rudder (yaw) and
tude. At this condition, the rudders will provide little in aileron (roll) surfaces will be employed, with 3-2-1-1
doublet step input profiles applied in order that time con-

010 stant information can be extracted from the measured
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at various flight Mach numbers.
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et In addition to the basic airframe aerodynamic stability

and control parameter estimation efforts, the HXRV will

be extensively instrumented with over 100 individual

Figure 13. Effect of elevon position on the HXRV basic pressure transducers and thermocouples. Because the first
rudder control effectiveness. priority of the Hyper-X program is to obtain data on the




operating scramjet engines, a large percentage of theshed with increased angle-of-attack beyond about eight
instrumentation is located within the combustor. There degrees. The current schedule calls for the first Mach 7
are, however, a significant number of pressure and temHyper-X flight test to fly in the spring of 2000. The data
perature measurements that will be taken on the exterthat will be collected during this first test, and the subse-
nal surfaces, including the propulsion flowpath (fore- quent Mach 7 and 10 tests, will be utilized to validate
body ramps and inlet, and the aftbody nozzle expansiorand verify the preflight design and prediction methods,
surface) and the external airframe (forebody chines, leeproviding for continued advancement of the state-of-the-
topside, and the vehicle base). A large amount of datart in hypersonic vehicle integrated propulsion system-
will collected during each flight. The nominal pressure airframe aerodynamics.

transducer sample rate is 50Hz, and the thermocouple

sample at 20Hz. For each of the three approximately 15 References
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